been noted in association with eczema herpeticum (Zuelzer and Stulberg, 1952; Brain et al., 1957) . With the exception of two cases in Group II of Zuelzer and Stulberg (1952) and one case of Brain et al. (1957) , all cases recorded have occurred in the neonatal period. Of interest in our series is that all the children were between 9 and 16 months of age.
Clinical Features
The clinical features of the eight cases are summarized in Table I . In all save one convulsions occurred before admission, and in all but one there was clinical evidence of gross malnutrition. The one case with proved pneumococcal meningitis falls into a rather different category.
The cerebrospinal fluid in five of the remaining seven cases was examined on admission and was normal. A further specimen of the C.S.F. from Case 5 was examined four days after admission and proved to be abnormal with a protein of 170 mg. %, positive globulin test and 25 lymphocytes but normal sugar content. Autopsy revealed an encephalitis in this instance.
The occurrence of a bleeding tendency in half our cases confirms the similar observation made previously (Zuelzer and Stulberg, 1952) .
Virus Studies. Virus studies were undertaken on tissues removed at autopsy from Cases 4, 7 and 8.
Tissue slices were taken from the liver and other organs and stored in separate containers. A suitable portion of each tissue was weighed and ground up to make a 10% emulsion in Hank's lactalbumen hydrolysate medium (Melnick, 1956) , containing penicillin in a concentration of 100 units/ml., streptomycin 100 ,ug/ml., neomycin 100 ,ug/ml., and mycostatin 25 units/ml. After centrifugation of the emulsion at 10,000 r.p.m. for 10 minutes, 0-1 ml.
amounts of the supernatant fluid were inoculated into HeLa tissue and/or monkey kidney tissue rollertube cultures. The supernatant fluid was tested for bacteriological sterility and the remainder was ampouled and stored in dry ice. The tubes were incubated at 370 C. in a revolving drum and examined each day for cytopathogenic effect. Two serial subcultures were made, using larger inocula of 0 * 2-0 * 3 ml. before a specimen was assumed to have no virus present.
Virus titrations were carried out on the stored supernatant fluids from those specimens in which virus had been detected. Tenfold dilutions of the fluids were made in Hank's lactalbumen hydrolysate medium containing 5 % rabbit serum (freed of inhibitor and heat-inactivated), and these were inoculated in 0 1 ml. amounts into tissue culture tubes, using three or four tubes per dilution. The results are indicated in Table 2. Cytopathogenic effect produced by the herpes simplex virus in these cases was striking and distinctive. The virus was identified by a standard neutralization technique using herpes simplex The one preparation neutralized 50 TCD50 when diluted 1/1200, the other when diluted 1 /1400. Case 7 received 3 ml. of the latter preparation of gamma globulin on the third day before death, and the serum (heat-inactivated) from the autopsy was found to neutralize 50 TCD50 only at a dilution of less than 1/2.
Morbid Anatomy and Histology. The autopsy findings are summarized in Table 3 . In six of the eight cases macroscopic lesions were found in the liver. These are so characteristic that in Case 8, who died of pneumococcal meningitis, the pathologist performing the autopsy was able without hesitation to identify the liver lesion as being due to herpes simplex infection. Where the lesion was not visible macroscopically the histological appearances were such that there was no doubt as to the aetiology.
Tongue. In the majority no resemblance to the 251 indentations of the nuclear membrane imparting a bizarre appearance to the nucleus (Fig. 3) .
In the epithelial cells at the margin of the ulcer a cytoplasmic change also became apparent. There was ballooning of the cell and the cytoplasm lost its eosinophilic staining and became clear. No inclusion bodies were seen in adjacent superficial glands. remaining case there was a mixed picture of yellow nodules up to 3 mm. in diameter and raised approximately 1 mm. above the surface and small punchedout superficial ulcers up to 1 mm. in size. A small zone of congestion surrounded the nodular lesions and similar lesions were present in the pyriform fossae (Fig. 1) .
Microscopically the appearances were very similar to those seen in the tongue, apart from the nodular lesions, which consisted of heaped-up fibrinous exudate with some epithelial cells. No giant cells were seen in our sections but nuclear changes in the epithelium at the ulcer margin paralleled those described in the tongue.
Liver. In six of the eight cases there was a macroscopic lesion of the liver, associated with a gross degree of fatty infiltration. The lesions were so striking that they may be regarded as pathognomonic of herpes simplex infection. Their size varied, presumably with duration, from pin head foci of necrosis just visible with the naked eye to areas up to 3 mm. in size. Unless these had become confluent each was a perfect circle, dead white in colour, with a surrounding zone of hyperaemia or haemorrhage giving a target-like appearance to the whole and sharply demarcating the affected tissue from the surrounding liver parenchyma (Fig. 4) . There did not appear to be any regularity of distribution of these lesions in the liver substance, and they were scattered in haphazard fashion both under the capsule and on section. There were no obvious differences between the two lobes in frequency of the lesions. In some cases the lesions were strikingly uniform in size while in others the widely varying size suggested different ages in dissemination and development.
Microscopically the extent of parenchymal in- volvement varied from 100% in the least involved to 750% in the most severely affected (Fig. 5) . In most the lesions were multilobular though in the smaller and presumably earlier lesions they were lobular and situated more in the mid-and peripheral zones than centrally. Whether large or small the necrotic focus was infarct-like to the extent that both parenchyma and stroma were equally destroyed. In the centre usually only nuclear remnants were apparent, but in the early lesions in addition haemorrhages were evident with red cells lying free in the area of necrosis. The necrotic area merged abruptly into surviving liver parenchyma in which the only detectable abnormalities were in cell nuclei. There was no evidence of inflammatory reaction or of proliferation of liver cells, but there was dilatation of sinusoids over a narrow zone surrounding the lesion.
In more extensive and presumably older lesions the area of necrosis was far more extensive, and red cells were not recognizable as such in the centre, but formed a homogeneous pool of laked blood merging with the necrotic background. The feature of greatest histopathological interest was the presence of intranuclear inclusion bodies (Fig. 6 ). There appeared to be two patterns of development of these structures. Whether the different forms of nuclear change seen were all intermediate between normal ntwlei and nuclei with fully mature inclusion bodies or whether varied pathways of development took place was impossible to say. However not all stages, nor even similar stages, were recognizable in all sections. It is reasonable to believe that the more mature inclusions are likely to be in the centre and the earlier stages at the periphery. For this reason the peripheral cells are taken as the starting point for the purpose of describing the nuclear changes. What was regarded as the earliest indication of infection was a swelling of the nucleus and loss of staining density. The chromatin was fragmented and appeared as basophilic stippling of the nucleoplasm which was otherwise unstained; the nucleolus was present and was at this stage near the nuclear membrane. Nearer to the necrotic focus the nuclei seemed to have lost their nucleoli, and the chromatin was marginated and presented as an irregularly staining basophilic lining to the nuclear membrane resembling a string of pearls. The remainder of the nucleus was generally uniformly eosinophilic and homogeneous, and no individual inclusions could be identified though the nucleus as a whole had increased in size. Occasional nuclei, however, instead of the uniform eosinophilic background appeared to contain small eosinophilic bodies scattered throughout. Towards the centre of the lesion the nuclei while still larger than normal were somewhat smaller than in the previous stage. The whole nucleus was filled with a more compact, denser homogeneous eosinophilic material and only the nuclear membrane took up the basophilic dye. At this stage the outline of the nucleus was irregular and crenated and some of the inclusions under high power objective showed a more purplish than eosinophilic character. Examination under oil immersion showed that what appeared to be a homogeneous inclusion was really a honeycomb of small round eosinophilic bodies set in a bluish coloured matrix, the whole filling the entire nucleus.
The apparent alternative pathway of development did not appear as clear-cut as that just described. Here again the earliest stage was enlargement of the nucleus, fragmentation of chromatin and loss of basophilic staining, margination of chromatin and Adrenals. No macroscopic lesions were seen in any of these cases, though they have been described in association with disseminated herpes simplex infection and infantile eczema (Brain et al., 1957) . Microscopic lesions were seen in five cases (Fig. 7) .
Microscopically areas of necrosis were seen in both medulla and cortex. In the cortex there was always a thin rim of normal tissue between the capsule and the necrotic area. The lesion was essentially similar to that in the liver allowing for the differences in the tissue structure. Nuclear inclusions were present, but not with the frequency or variation of those in the liver. The earliest change in the nucleus was increase in size and clearing of the nucleoplasm which showed basophilic stippling due to fragmentation of chromatin. The chromatin became marginated and inclusion bodies appeared in the nucleus showing either as eosinophilic stippling or a homogeneous eosinophilic mass filling the nucleus. Occasionally an unstained halo separated the eosinophilic inclusion from the nuclear membrane.
Spleen. In Cases 7 and 8, though not visible macroscopically, there were small necrotic infarctlike lesions in the spleen.
Although the virus was isolated from these spleens in high titre and not from the blood, the absence of inclusions make it difficult to be certain that the lesions were the result of the herpes simplex virus.
Brain. In all cases with the exception of Case 8, the brains were tense and oedematous and in some congested. Oedema and congestion are not uncommon findings in association with malnutrition. In Case 5 in addition to the oedema and congestion the meninges appeared thickened and gelatinous though no inflammatory exudate was visible.
Microscopically the leptomeninges showed oedema and scattered infiltration by lymphocytic cells. The brain was congested and oedematous but in addition there was minimal lymphocytic perivascular cuffing, suggesting a true meningo-encephalitis.
Other Organs. Other organs examined macroscopically and microscopically included pancreas, lungs, kidneys and myocardium. In none of these were lesions ascribable to the herpes simplex virus found. The trachea and large bronchi showed no macroscopic lesions, but were not examined microscopically. This is an unfortunate omission, as in a subsequent case, not included in this series, typical and extensive lesions have been seen in the trachea and bronchi. The smaller bronchi and bronchioles encountered in sections of the lung showed no nuclear changes in the lining epithelium. The lung parenchyma in all instances was normal.
In the pancreas there was some duct and acinar dilatation with accumulation in the lumina of eosinophilic material; and in some a minor degree of acinar atrophy: these appearances are not infrequently seen in association with kwashiorkor and malnutrition, and a relationship to the herpes simplex infection is unlikely.
Vascular lesions as described by other authors in the liver (Zuelzer and Stulberg, 1952; Williams and Jack, 1955) and in the spleen (Williams and Jack, 1955) were not seen in our cases.
Discussion
Widespread dissemination of the herpes simplex virus with lesions in internal organs is no new entity (Smith et al., 1941; Wildi, 1951; Quilligan and Wilson, 1951; Florman and Mindlin, 1952; Zuelzer and Stulberg, 1952; France and Wilmers, 1953; Pugh et al., 1954; Williams and Jack, 1955; Brain et al., 1957) , and the unusual features of our cases are the older age group in which they occurred and the frequent association with malnutrition.
As far as we are aware similar observations have not been previously recorded in South Africa, although in clinical experience herpetic gingivostomatitis is relatively common in the Union in the 1 to 5-year age group. Whether the number of cases of systemic herpes simplex infection seen in this relatively short period implies a sudden increase of virulence in the local strain of virus, or whether the incidence of overt infection reached epidemic proportions it is impossible to say.
Several authors have noted that the incidence of primary local herpetic infections is higher in the lower socio-economic group (Andrewes and Carmichael, 1930; Burnet and Lush, 1939; Scott, Coriell, Bland and Burgoon, 1952) and that the greatest number of those susceptible to infection are between 6 and 24 months of age (Burnet and Williams, 1939; Scott et al., 1952 Coetzee's (1955) figures it would appear that the incidence of infection in the low socio-economic groups in South Africa is maximal. We wish to stress the high specificity of the naked eye appearances of the liver when the necrotic foci are abundant, and indeed now regard it as diagnostic of disseminated herpes. In retrospect in five out of the eight cases the diagnosis could have been made with the naked eye. The microscopical appearances are also characteristic both in extent and type but focal necroses are not rare in the liver and the diagnosis might well be missed if one did not know of the herpetic lesion and no macroscopic specimens were available. Virus was isolated in high titre from the liver and spleen but not from the blood, and though the splenic lesions are not histologically specific, it is felt that they may well be due to localization of the virus at this site.
Treatment of these cases by other than symptomatic methods presents a difficult problem. Supportive measures and antibiotics are essential and there may be justification for steroid therapy where there is no question of infantile eczema and where dissemination of the virus is suspected. A case may however be advanced for massive gamma-globulin therapy in malnourished children with primary herpes simplex infection as a protective measure against dissemination. Summary Eight cases of disseminated herpes simplex virus infection in children 9 to 16 months of age are reported.
An association between malnutrition and dissemination of the virus is mooted.
Attention is drawn to the highly characteristic liver lesions and the histo-pathology of various organs is described.
Virus isolation was carried out in three cases with titration of virus in several organs in two of these.
The high incidence of infection in the lower socio-economic groups is briefly discussed.
